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(57) Abstract 

The invention relates to an optimized system for distribution 
of television and telecommunication services from a peripheral node 
to user terminals (10, 11, 12) comprising a bi-directional switch 
exchange (I) connected to said peripheral node, a facility (7) for 
bi-directional distribution of signals connected to said exchange (1) 
and at least one user apparatus (9) connected to said user terminals 
(10, 11, 12), said exchange (1) receiving from said peripheral 
node the signals belonging to said television and telecommunication 
services and from said bi-directional distribution facility (7) a 
local upstream data sequence including the television channel 
selection signals, said exchange (1) selecting some input signals 
belonging to television services and reallocating and/or frequency 
transmodulating them in order to transmit them, in combination 
with a local downstream data sequence, to said signal bi-directional 
distribution facility (7), said user apparatus (9) processing said 
local downstream data sequence and generating said local upstream 
data sequence to be transmitted to said exchange (1) together 
with the upstream data and/or voice channels related to said 
telecommunication services. 
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OPTIMIZED SYSTEM FOR DISTRIBUTING TELEVISION AND 
TELECOMMUNICATION SERVICES FROM A PERIPHERAL NODE TO 
USER TERMINALS 

This invention relates to an optimized system for distributing 
5 television and telecommunication services from a peripheral node to user 
terminals. 

More particularly, this invention relates to a system of the 
above mentioned kind that enables the already existing facilities designed 
for centralized distribution of land based television channels, also known 
10 as Master Antenna TV (MATV) to also be adapted, in economically 
convenient and reliable way, to simultaneously distribute other television 
and telecommunication services, also including the interactive services. 

It is known that, in Italy as well as in many other countries, 
hybrid telecommunication networks based upon coaxial cables and fibers, 
15 also known as HFC (Hybrid Fiber-Coax) networks, are being presently 
developed and largely utilized, to distribute many services, particularly 
multi-medial services of interactive type. 

Such HFC networks are based upon peripheral nodes to 
distribute the signals to the individual user terminals connected thereto. 

20 This is the case, for instance, of a building node connected by means of 
suitable cables to the network in order to distribute the signals to the 
users arranged throughout the building itself. In this respect, some 
building nodes can be connected to the network, at least in so far the 
television services are concerned, by means of a Microwave Video 

25 Distribution Service, namely by means of so-called MVDS radio links. 

The interactive telecommunication services include data and/or 
voice return or upstream channels from the individual user terminals to 
the concerned peripheral node, such as a building node, connected to 
them and subsequently to the network. 

30 Reference will be particularly made hereinafter to building 

nodes considered as peripheral nodes, but it should be understood that 
the system according to this invention can be applied to any peripheral 
node. 

The architectures of the facilities designed to distribute the 
35 various services from a building node to the individual user terminals 
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connected thereto are based upon the concept that all capabilities that 
each services is adapted to provide be available to each one of said 
terminals. In particular, in the case of television services, such as the 
distribution of band-based television channels by means of MATV 
5 facilities, the distribution of satellite-based television channels by means 
of SMATV facilities (Satellite MATV) and the distribution cable or wire pay 
television or CATV (Community Antenna TV), this means that all 
television channels accessible to the users should be available on their 
terminals, with consequent extended band exploitation. 

10 All presently existing MATV facilities are not sufficient to fulfil 

the above outlined integral availability of the concerned services on each 
user terminal and this entails that a coaxial facility is to be provided 
between the building node and the assembly of the user terminals for 
each additional television and/or telecommunication service. 

1 5 This results into a number of drawbacks. 

First of all, such facilities are generally plugged in different 
sockets within the apartments. 

Furthermore, the differences between the equipment entail 
noticeable difficulties in the maintenance intervents. 

20 Lastly, since the above mentioned facilities are generally 

installed in different times, there are noticeable disadvantages for the 
users. 

Some approaches have already been developed to eliminate 
the above mentioned drawbacks. 

25 The most largely adopted approach provides for realizing a 

single plant structure having a very extended pass band, with possible 
frequency translation of some signals in order to allow signals allocated to 
at least partially overlapping band to co-exist. 

Anyway also this approach has some drawbacks. 

30 In the first place, the MATV plant generally provided within the 

building is not utilized. 

Besides that, the capabilities each service is adapted to furnish 
should be limited; in particular, the number of available channels for some 
television services should be reduced. 
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Lastly, such approaches do not allow to enlarge the number 
and the typologies of the television and/or telecommunication services 
that could be possibly made available after the system facilities have been 
firstly sized. 

5 It is an object of this invention, therefore, to enable in simple, 

economically convenient and reliable way to utilize a single plant for 
distributing the concerned signals, preferably a conventional, possibly 
already installed MATV plant, between the peripheral node and the user 
terminals connected thereto, for contemporaneous distribution of land 
10 based television channels as well as other television and/or 
telecommunication services, also including any interactive services. 

Specific subject matter of this invention is an optimized system 
for distribution of television and telecommunication services from a 
peripheral node to user terminals, said television services including land 

15 based radio frequency broadcast television channels, satellite based 
radio frequency broadcast television channels and HFC network or cable 
based broadcast television channels, each of said telecommunication 
services including a downstream data and/or voice channel and an 
upstream data and/or voice channel, said system also including a bi- 

20 directional switch exchange connected to said peripheral node, a facility 
for bi-directional distribution of signals connected to said exchange and at 
least a user apparatus connected to said bi-directional facility as well as 
to said user terminals, said exchange comprising a filter, a frequency 
filtering and translating unit, a logic control unit, a combiner and a 

25 selector, said combiner and selector being connected to said bi- 
directional distribution facility, the signals belonging to said land based 
television channels being applied to the input of said combiner, said filter 
receiving the signals belonging to said cable based television channels 
and to said downstream data and/or voice channels, said filter separating 

30 the signals belonging to said downstream data and/or voice channels from 
the signals belonging to said cable based television channels, said filter 
also reallocating the signals belonging to said downstream data and/or 
voice channels to pre-established frequencies and applying them to the 
input of said combiner, said filter also applying the signals belonging to 

35 said cable based television channels to said frequency filtering and 
translating unit, the signals belonging to said satellite based television 
channels being also applied to said frequency filtering and translating 
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unit, said selector being connected to said bi-directional distribution 
facility in order to receive a local upstream data sequence therefrom and 
to apply it to said control logic unit and to receive the signals belonging to 
said upstream data and/or voice channels therefrom and to apply them to 
5 said peripheral node, said control logic unit generating the control signals 
to be applied to said frequency filtering and translating unit and a local 
downstream data sequence to be applied to the input of said combiner, 
said frequency filtering and translating unit selecting the input signals and 
frequency reallocating and/or translating them for applying them to the 

10 input of said combiner, said combiner mixing the input signals and 
applying them to said bi-directional distribution facility, said user 
apparatus including a demodulator, a logic unit, a modulator and a 
combiner, said logic unit processing said local downstream data 
sequence outcoming from said demodulator, said modulator modulating a 

15 local upstream data sequence related to said user apparatus, said 
combiner mixing the signals belonging to said local upstream data 
sequence as well as the signals belonging to upstream data and /or voice 
channels related to said user apparatus and applying them to said bi- 
directional distribution facility. 

20 According to this invention, said exchange further comprises, 

upstream of said combiner, a unit for filtering the signals belonging to said 
land based television channels, which eliminates all replicated signals 
having the worst signal-to-noise ratio (SNR). 

Still according to this invention, said television services further 
25 comprise television channels related to closed circuit television systems 
(CCTV) that are coupled to the input of said combiner or to said frequency 
filtering and translating unit. 

Further according to this invention, said frequency filtering and 
translating unit comprises a converter unit for conversion of HFC radio 

30 frequencies, a converter unit for conversion of satellite based radio 
frequencies as well as a switch unit, said converter units having N inputs 
and N outputs, said switch unit having 2*N inputs and N outputs, the 
homologous outputs of both said converter units being alternatively 
selected by said switch unit and transferred to said frequency filtering and 

35 translating unit. 
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Still according to this invention, said HFC radio frequency 
converter unit comprises N converter-filters, each of which comprises a 
tuner having a constant amplitude pass band and tuneable central 
frequency, a mixer, a selectable frequency local oscillator, a band pass 
5 filter having a constant amplitude pass band and a tuneable central 
frequency, as well as a logic unit, said tuner filtering said input signal, 
said mixer, said local oscillator and said pass band filter translating the 
frequency of the filtered signal and said logic unit generating the control 
signals. 

10 Further according to this invention, said satellite based radio 

frequency converter unit comprises N converter-filters, each of which 
comprises a tuner having a constant amplitude pass band and tuneable 
central frequency, a mixer, a selectable frequency local oscillator, a band 
pass filter having a constant amplitude pass band and a tuneable central 

15 frequency, as well as a logic unit, said tuner filtering said input signal, 
said mixer, said local oscillator and said pass band filter translating the 
frequency of the filtered signal and said logic unit generating the control 
signals. 

Preferably, each of said N converter-filters comprised in said 
20 satellite based radio frequency converter unit further comprises a 
transmodulator. 

Still according to this invention, said satellite based radio 
frequency converter unit comprises N converter-filters, each of which 
comprises a transmodulator and a control logic unit, said transmodulator 
25 filtering , transmodulating and frequency translating the input signal. 

Further according to this invention, said signal bi-directional 
distribution facility is an apparatus for centralized distribution of land 
based television channels or a Master Antenna TV (MATV) facility. 

Again according to this invention, each user apparatus is 
30 connected to one or more telephone devices and/or to one or more 
Personal Computers or PCs and additionally it is connected to one or 
more communication apparatuses or Set-Top-Box (STB), with a pay 
television service provider. 

Still according to this invention, the local upstream or local 
35 downstream data sequences are modulated by digital modulation, 
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preferably FSK and/or a PSK and/or QAM modulation and said user 
apparatus further comprises a digital demodulator arranged upstream of 
said logic unit, a frequency multiplexer and a TELCO demodulator for 
telecommunication services, arranged upstream of said user terminals, a 
TELCO modulator for telecommunication services, arranged downstream 
of said user terminals, a digital modulator which receives the television 
channel selection data from at least one user terminal as well as a 
combiner arranged downstream of said TELCO modulator and of said 
digital modulator and upstream of said bi-directional distribution facility. 

This invention will be now described by way of illustration not 
by way of limitation, according to its preferred embodiment, by particularly 
referring to the Figures of the enclosed drawing, in which: 

Figure 1 is a schematic representation of the system according 
to this invention; 

Figure 2 shows a schematic diagram illustrating the frequency 
distribution of the signal appearing upstream of the system of Figure 1; 

Figure 3 is a schematic representation of the preferred 
embodiment of the bi-directional switch exchange of the system of Figure 
1; 

Figure 4a shows a block diagram of a first converter filter as 
utilized in the exchange of Figure 3; 

Figure 4b shows a schematic diagram illustrating the frequency 
distribution of the signal appearing at the output of the converter filter of 
Figure 4a; 

Figure 5a shows a block diagram of a second converter filter as 
utilized in the exchange of Figure 3; 

Figure 5b shows a block diagram of a second embodiment of 
the second converter filter as utilized in the exchange of Figure 3; 

Figure 6 shows a schematic representation of the local 
downstream data channel as generated by exchange of Figure 3; and 

Figure 7 shows a schematic representation of the user 
apparatus in the system of Figure 1 . 

By referring now to Figure 1, the system according to this 
invention comprises a bi-directional switch exchange 1, positioned at a 
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building node, which receives all signals belonging to the television and 
telecommunication services available in network HFC2, in system 3 which 
receives the land based television radio frequencies, in system 4 which 
receives the satellite based television radio frequencies as well as in local 

5 apparatuses 5 of the building, such as, for instance, the Closed Circuit 
Television systems (CCTV) and the video intercommunication systems. 

Exchange 1 is connected to the MATV plant 7 of the building 
which conveys the signal in bi-directional way between exchange 1 and 
the individual user sockets 8. 

10 Each socket 8 is connected to a user apparatus 9 which 

conveys the various signals, in bi-directional way, between said socket 8 
and the corresponding user terminals 10, 11 and 12. In particular, such 
terminals comprise a telephone set 10, a communication apparatus 11, 
known under the name Set-Top-Box or STB, with a pay television service 

1 5 provider and a Personal Computer or PC 1 2. 

As it will be detailedly described hereinafter, the system 
according to this invention allows to utilize a MATV plant or facility for 
conveying in bi-directional way the signals of all television and 
telecommunication services to the input of said exchange, thereby 

20 supplying them to all active user terminals (10, 11, 12), by means of a 
selection operation, advanced up to the level of said exchange 1, among 
the specific non land based television channels as requested by active 
STB terminals 11. In particular, when a user selects a specific satellite or 
cable based television channel on his STB terminal 11, the selection 

25 signal returns to the exchange 1 in order to redefine its switching pattern 
and to supply the concerned STB terminal 1 1 with only the selected 
television channel, rather than all available channels. When it is 
considered that STB terminal 1 1 could also receive signals belonging to 
more than one television services, it evidently appears that a reduction is 

30 obtained in terms of occupation of the band of the transmission channel 
interposed between the building node and the individual socket 8. 

In other words, even if at least three television services are 
present at each user socket 8 and each service offers a big number of 
channels, each active user STB terminal 1 1 will select a single television 
35 channel. 
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In particular, aiming at making the system according to this 
invention compatible with the distribution of signals belonging to land 
based television channels to users not having connections with other 
television services and consequently are not provided with STB terminals 
5 11, according to the preferred embodiment of this invention, all these 
signals are conveyed by the MATV facility 7, thereby eliminating the 
signals replicated with the worst Signal-to-Noise Ratio (SNR) at the most, 
and maintaining the selection at a level corresponding to the user 
television set. 

10 Therefore, the optimum distribution system, in terms of band 

occupation, is the one that, considering all available not land based 
television channels, conveys at each instant all and exclusively signals 
belonging to television channels (and, by obvious extension, the data 
channels of telecommunication services), as selected at each particular 

1 5 time by the user terminals connected thereto. 

This means that, even if hundreds television programs and 
data channels potentially amenable to be distributed are present at the 
input end of the concerned building node, in the assumption that the user 
terminals connected to the node are N, the channels that will engage the 

20 distribution facility 7 will be N. If N is estimated according to the well 
known formulas of the traffic theory, it will be possible to size the 
maximum capability of said facility 7 in terms of band width. Since the 
above mentioned number is not higher than a few tens, it appears to be 
evident that an installation of MATV type is sufficient to fulfil the 

25 requirement. 

in this respect, the signals conveyed by said facility 7 from the 
exchange 1 to the various user apparatuses 9, by which the so-called 
"downstream" flow or channel is formed, comprise all signals belonging to 
land based television channels, coming from the receiver system 3 for the 

30 land based television radio frequencies, all signals belonging to 
downstream data and/or voice channels corresponding to 
telecommunication services, the signals belonging to satellite based 
and/or cable based television channels as selected by active user STB 
terminals 1 1 and lastly signals generated by exchange 1 for controlling 

35 said active STB terminals 1 1 . 
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On the other hand, the signals conveyed by said facility 7 from 
the user apparatuses 9 to exchange 1, by which the so-called "upstream" 
flow or channel is formed, comprise the signals belonging to upstream 
data and/or voice channels corresponding to telecommunication services 
5 as well as all signals corresponding to the selections performed by active 
user STB terminals 11. Such selection signals included in said upstream 
channel are utilized by said exchange 1 to convey at each time only 
signals belonging to satellite based and/or cable based television 
channels corresponding to the selections performed by the active user 
10 STB terminals 11. 

The frequency distribution of the signals appearing upstream 
the exchange 1 is schematically illustrated in Figure 2. In frequency band 
VHF I, as designated by reference numeral 13, three television channels 
can be present, with amplitude modulated, suppressed or vestigial side 
15 band (AM-USB), while seven AM-VSB television signals can be present in 
band VHF III. As a general rule, not all of these ten channels are 
effectively occupied by radio frequency broadcast television signals. 

A greater number of radio frequency broadcast television 
channels are allocated to band IV and/or to band V, not shown, the 
20 frequencies of which are comprehensively variable in the range of 470 to 
862 MHz. 

Band 15 of frequencies variable in the range of 88 to 108 MHz 
can be jammed by frequency modulated (FM) radio broadcasts in air. 

Therefore, exchange 1 is adapted to allocate signals belonging 
25 to satellite based and/or cable based television channels into frequency 
band 16 variable in the range of 1 10 to 170 MHz and into frequency band 
17 variable in the range of 230 to 470 MHz, as selected by active STB 
terminals 1 1 . 

Furthermore, since the same television program is broadcast 
30 both in band IV and in band V also in multiple frequency ranges, it is 
possible to drive said exchange 1 so as to perform a filtering function on 
the signals appearing in such bands in order to suppress all replicated 
television signals having worst SNR, in such a way as to distribute the 
qualitatively best signal and to make further frequency ranges available 
35 for allocating the signals belonging to satellite based and/or cable based 
television channels. 
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In conclusion, a range of about 300 MHz in bands 16 and 17 
with an additional range of 100 MHz recovered by filtration in bands IV 
and V are made available to exchange 1 for allocating signals belonging 
to satellite - and/or cable-based television channels. Since in the 
5 preferred embodiment of this invention, the band portion occupied taken 
up by each switched television channel is of 8 MHz, the concerned 
exchange 1 can allocate about 50 satellite based and/or cable based 
television channels and, therefore, it will be in a position to fulfil the 
demands of 50 active user STB terminals 1 1 without access conflicts to 
10 said exchange 1 being raised. 

It will be apparent to those skilled in the art that such 
capabilities are more than sufficient to fulfil all service requirements of a 
building node. 

By referring to Figure 3, an exchange 1 according to a 

15 preferred embodiment of the system provides for those signals belonging 
to land-based television channels coming from the receiver system 3, 
which comprises one or more antennas, to be conveyed to a filter unit 18, 
comprising two combiner filters that operate in bands VHF and UHF, 
respectively. Output VHF 19 and output UHF 20 of said unit 18 convey 

20 one only signal for each television channel, thereby eliminating any 
replicated signals having the worst SNR. In order words, the land based 
television channels are introduced into system 7 with no frequency 
variation so as to be received by all users connected according the usual 
presently adopted method. In this way, exchange 1 exclusively provides 

25 for passively filtering the spectrum so as not to repeat the same television 
program several times, as it often occurs at present, but it exclusively 
delivers the qualitatively best signal selected among the available ones. 
Such an operation becomes necessary in order to "clean" the 
electromagnetic spectrum to the maximum possible extent, so as to make 

30 it available for conveying other services on said MATV facility 7. 

The multicarrier signal comprising the signals belonging to 
television channels and to downstream data and/or voice channels of 
telecommunication services available on HFC network 2 is conveyed to a 
receiver unit 21 which translates it to base band having a frequency 
35 variable in the range of 54 to 862 MHz, in the preferred embodiment. In 
particular, the signals belonging to television channels available on 
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network HFC 2 comprise Digital Video Broadcasting-Cable or DVB-C 
signals, each of which is formed by a packet of 6-8 digital programs, 
which are compressed in MPEG-2 and multiplexed in order to form the so- 
called "transponder stream" which, in turn, modulates in 64QAM the VHF 
5 or VHF carrier. The downstream data and/or voice channels of 
telecommunication services comprise data outcoming from the Internet 
Provider or ISP as well as downstream channels corresponding to narrow 
band services, such as the conventional telephone services or Plain Old 
Telephone Services (POTS), the Integrated Service Digital Network 
10 (ISDN) Basic Rate Interface (BRI) as well as the downstream data 
corresponding to pay television servjces transmitted to STB terminals 1 1 . 

The base band multicarrier signal from the output of receiver 21 
is conveyed to a filter 22 in order to separate the signals belonging to 
data and/or voice downstream channels, routed to output 23, from signals 
15 belonging to television channels routed to output 24. In particular, filter 22 
allocates the signals belonging to data and/or voice downstream channels 
of telecommunication services to predetermined and fixed, namely not 
switched, frequency bands, distributed to all sockets 8. 

The signals belonging to satellite based television channels 
20 which are outcoming from the receiver system 4 including one or more 
antennas, are conveyed to a proper receiver unit 25. 

The signals appearing on output 24 of filter 22 and on output 
26 of the satellite receiver 25 are coupled to the inputs of two N-output 
replicators or splitters 27 and 28, respectively, which form a replication or 
25 splitting unit 29. 

The N outputs of splitters 27 and 28 are coupled to a frequency 
filtering and translating unit 30, comprising a unit 31 for HFC radio 
frequency conversion and a unit 32 for conversion of satellite radio 
frequencies. 

30 Each of said units 31 and 32 includes N radio frequency 

converter-filters that filter the input signal so as to allow only the signal 
belonging to a television channel to pass, by translating it from the 
original radio frequency range, HFC or satellite, respectively, to one of the 
frequency ranges free or available for the allocation functions performed 

35 by said exchange 1 . 
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The above mentioned number N is preferably equal to the 
maximum number of switched television channels that can be allocated by 
said exchange 1 and, as above said, it is sufficient to fulfil the maximum 
demands from the concerned users, thereby absolutely preventing any 
5 conflicts from arising, with possible consequence that demands of some 
users remain unfulfilled. 

By referring to Figure 4a, each radio frequency filter-converter 
HFC is provided with a constant amplitude pass band and tuneable 
central frequency tuner 33, which filters the input HFC television signals, 

10 as allocated to frequency band extending between 54 and 862 MHz, and 
allows the HFC television signal selected by a STB terminal 1 1 to pass to 
the output. The output television signal is then frequency translated by 
means of a mixer 34 that mixes it with the signal of a selectable frequency 
local oscillator 35, as well as a band-pass filter 36, having a constant 

15 amplitude pass band and tuneable central frequency. In particular, a logic 
unit 37 generates the control signals to be used to establish the central 
frequency of tuner 33, the frequency of oscillator 35 and the central 
frequency of filter 36. Figure 4b illustrates a schematic diagram showing 
the frequency distribution of the signal modulated with 64QAM modulation 

20 (64 symbol Quadrature Amplitude Modulation) with a band width of 8 
MHz, as appearing at the output of the converter-filter of Figure 4a when 
the frequency translation operation reallocates the selected television 
signal to band 17 (extended S band). 

By referring to Figure 5a, a first embodiment of the satellite 
25 radio frequency converter-filters includes a tuner 38, having a pass band 
of constant amplitude and tuneable central frequency, which filters the 
input satellite based television signals, as allocated to the frequency band 
extending from 950 and 2050 MHz, and allows the satellite based 
television signal selected by STB terminal 11 to pass to the output. In 
30 particular, the input satellite based television signals are modulated with 
Quaternary Phase Shift Keying (QPSK) modulation with a band width of 
40 MHz. The television signal outputted by tuner 38 is then frequency 
translated by means of mixer 39 that mixes it with the signal of a 
selectable frequency local oscillator 40, as well as a band-pass filter 41, 
35 having a constant amplitude pass band and tuneable central frequency. In 
particular, a logic unit 42 generates the control signals to be used to 
establish the central frequency of tuner 38, the frequency of oscillator 40 
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and the central frequency of filter 41 . In this case, channel QPSK appears 
to be reallocated, for instance to band 17, but it still occupies a band of 40 
MHz. This means that the satellite radio frequency converter-filter of 
Figure 5a has a simple and low cost construction, but it still entails a band 
5 occupation 5 times larger than the band occupied by a 64QAM modulated 
signal, thereby reducing the number N of television channels allocable to 
facility 7. Furthermore, since the QPSK modulation is not compatible with 
STB terminals 1 1 for HFC television channels, an additional STB terminal 
43 is anyway needed downstream of socket 8 in order to perform the 
1 0 transmodulation from QPSK to 64QAM system. 

Figure 5b illustrates the preferred embodiment of the 
satellite radio frequency converter-filters, including a transmodulator 44 to 
perform filtering the selected television signal, transmodulating it from 
QPSK to 64QAM system as well as frequency reallocating the 

15 transmodulated signal. A logic unit 45 generates the control signals to be 
coupled to transmodulator 44 by selecting the filter central frequency and 
the reallocation central frequency. In this case, the converter-filter is more 
complex than that of Figure 5a, but it enables an output signal to be 
obtained with a band occupation of 8 MHz and compatible with the STB 

20 terminals 1 1 for HFC television channels. 

As it is shown in Figure 3, each one of said N pairs of 
homologous outputs of the radio frequency conversion units 31 and 32, 
respectively, is coupled to one of N switches 46 that form a N output 
switching unit 47. In particular, each switch 46 corresponds to a STB 

25 terminal 11. Obviously, a HFC or satellite based television signal is 
present at the output of each switch 46, according to the selection of the 
corresponding STB terminal 1 1 . Anyway, it is also possible to implement 
the arrangement so that, when the terminals connected at a given time 
are M, where M < N, the outputs of (N - M) switches 46 are in a high 

30 impedance condition. The N outputs (or the M active outputs) of said 
switching unit 47 are added in combiner 48 to the signals on the VHF 
output 1 9 and on the UHF output 20 of said filter unit 18 and to the signals 
belonging to the downstream data and/or voice channels of the 
telecommunication services available on output 23 of said filter 22. The 

35 output of combiner 48 forms the downstream channel that is conveyed 
from the exchange 1 through a duplexer 49 as well as the MATV facility 7 
to the sockets 8 and to the user apparatuses 9. 
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Upstream channel that is conveyed from said user apparatuses 
9 to exchange 1 through said MATV facility 7 is transmitted by duplexer 
49 to a selector 50 of local data. Said upstream channel is preferably 
allocated to frequency band extending from 5 to 30 MHz. Selector 50 
5 separates all those signal corresponding to television channel selections 
performed by active STB terminals 11, which form a local upstream data 
sequence, from signals belonging to upstream data and/or voice channel 
corresponding to telecommunication services. The signals belonging to 
upstream data and /or voice channels of telecommunication services are 
1 0 then passed unaltered and are transmitted to said HFC network 2. 

The above mentioned local upstream data sequence, after 
demodulation by demodulator 5, is conveyed through an input/output (I/O) 
interface to a logic control unit 54 aimed at controlling said exchange 1 , 
which, by decoding them, provides for reading the address of the caller 

15 unit (identification of the STB terminal 11 formulating the request) as well 
as for construing the request. Based upon the requests, said logic unit 54 
generates (if necessary) the control signals controlling said filtering and 
frequency translating unit 30 as well as the local downstream data 
sequence for controlling said STB terminal 1 1 . Such local downstream 

20 data sequence, through said interface unit 53 and a modulator 55, 
preferably a binary frequency variation modulator (FSK = Frequency 
Shifting Keying), is coupled to the input of combiner 48 in order to be 
added to other signals by which the downstream channel of said 
exchange 1 is formed. Preferably, the carrier of said local downstream 

25 data sequence is at a frequency of 40 MHz. 

By referring now to Figure 6, it can be observed that said local 
downstream data sequence generated by logic unit 54 is arranged so that 
~ any data 56 routed to each specific STB terminal 11 are preceded by an 
address 57 which identifies the STB terminal 1 1 which they are related to. 

30 By referring to Figure 7, a user apparatus 9 connected to 

MATV facility 7 by means of a socket 8 comprises a first band pass filter 
58 that transfers the signal belonging to the local downstream data 
sequence to a FSK demodulator 59. The resulting demodulated signal is 
then conveyed to a logic unit 60 that processes it, by decoding the local 

35 downstream data sequence, for recognition of the address 57 belonging 
to said STB terminal 1 1 and interpretation of the information content of the 
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corresponding data 56. Based upon such decode operation, said logic 
unit 60 couples the control signals of said STB terminal 1 1 to a transmitter 
unit 61 that modulates them on an infrared ray (IR) carrier and transmits 
them to said STB terminal 11. It will be apparent to those skilled in the art 
5 that the transmission of decoded data 56 to STB terminal 11 can also be 
effected by means of other different methods, by utilizing corresponding 
architectures. 

Furthermore, said user apparatus 9 can also be provided with a 
second band pass filter 62 that conveys any signals belonging to 

10 television channels as well as any signals belonging to data and/or voice 
downstream channels related to telecommunication services to a 
frequency multiplexer 63. Multiplexer 63 transmits all signals belonging to 
television channels to said STB terminal 1 1 and all signals belonging to 
data and /or voice downstream channels to a TELCO demodulator 64 for 

15 telecommunication services, which provider for conveying them to the 
corresponding terminals, such as a telephone set 10, a STB terminal 11 
and a PC 12. 

The data and/or voice upstream channels corresponding to 
telecommunication services outcoming from said telephone set 10, from 

20 said STB terminal 11 and from said PC 12 are modulated by a TELCO 
modulator 65 for telecommunication services. The signal travelling on an 
IR carrier outcoming from a remote controller 66 for selection of the 
television program and control of said STB terminal 1 1 is received by a 
receiver 67 and sent to a FSK modulator 68 that generates the local 

25 upstream data sequence related to the STB terminal 1 1 connected to the 
concerned user apparatus 9. The signals outcoming from said TELCO 
modulator 65 and from said FSK modulator 69 are added together in a 
combiner unit 69 and relayed to a further modulator 70. Modulator 70 in 
combination with a local oscillator 71 tuned on the frequency allotted to 

30 the specific concerned STB terminal 1 1 generates the upstream channel 
related to the considered user apparatus 9 and conveys it through a band 
pass filter 72 to the MATV facility 7 to enable it to reach the exchange 1. 
Preferably, the frequency on which said local oscillator 71 is tuned is 
comprised in the frequency band which extends from 5 to 30 MHz and 

35 coincides with the pass band of said filter 72. In particular, said local 
oscillator 71 can also transmit the signal for acknowledging the address of 
said STB terminal 1 1 to logic unit 60. 
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In this way, the selection performed by a user is routed to the 
exchange 1 rather than directly to said STB terminal 1, through said 
upstream channel by means of a combination of it with the TELCO data 
on a local oscillator of a frequency in the band of 5 to 30 MHz allotted to 
5 any individual user. 

It will be apparent to those skilled in the art that the functions of 
said STB terminal 11 can be integrated with said user apparatus 9. 
Furthermore, the apparatus 9 can be adapted to manage or handle a 
number of user terminals (10, 11, 12) of the same type, as it can occur 
10 when a number of STB terminals 11 are connected downstream of said 
socket 8. 

It will also be apparent to those skilled in the art that a system 
according to this invention can easily be modified and/or adapted to 
process signals belonging to further television and/or telecommunication 

15 services. By way of exemplification, as it is shown in Figures 4 and 5, 
CCTV systems 5 can be provided such that, by suitable insertion of 
signals related to video and/or audio and/or control functions into 
channels upstream or downstream of said exchange 1, they can be 
transmitted unaltered along said MATV facility 7 or they can be 

20 transmitted only if activated by the user and reallocated in frequency by 
said exchange 1 . 

It is also apparent that the system according to this invention 
can be applied to a case in which the signals belonging to satellite based 
television signals should not be distributed. 

25 In conclusion, the already existing centralized coaxial 

antenna facility 7 is managed in intelligent mode by means of said 
exchange 1, positioned at a building node, and of the dedicated user 
apparatuses 9, connected to socket 8, in such a way as to enable the 
simultaneous distribution of conventional television signals as well as of 

30 signals belonging to HFC services and possibly also television signals 
received from satellites by means of one or more centralized parabolic 
antennas. 

Said already existing or newly realized MATV facility 7 
appears to be completely transparent to the usual broadcast or diffusion 
35 of land based television channels. In view of the above, exchange 1 is 
compatible with the usual services offered by said MATV facility 7 and any 
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user not desiring to be connected to further television or 
telecommunication services continues anyway to utilize the land based 
signals. On the opposite side, any user desiring to be connected to further 
services should provide his own coaxial socket 8 (any one in his flat) with 
the concerned user apparatus 9, which acts as a "concentrator" in respect 
of the various user terminals (10, 11, 12) installed in the concerned 
apartment. The connection between user apparatus 9 and said user 
terminals (10, 11, 12) is realized by means of standard interface units 
(telephone cable, coaxial cable or infrared coupling), but it is possible to 
realize a radio connection, as well. 

Also the simple selection performed by the user of a desired 
(not land based) television channel in respect of any one of the various 
available services is "intercepted" and routed through the upstream flow 
to said exchange 1 where it is compared with other analogous selections 
and consequently managed. In this case, a local (building) data channel is 
involved which is possibly a portion of an upstream data flow of greater 
amplitude. 

The above exchange 1 is coupled, on one side, to the various 
input services outcoming from the antennas and/or from external cables, 
namely the land based television channels, the HFC telecommunication 
services, the satellite based television channels and, on the other side, 
namely the output side, to coaxial cable of said MATV distribution facility 
7. 

The system proposed according to this invention is provided 
with a high compatibility grade with further future possible 
telecommunication services; in other words, it is an "open" system in 
respect of transferring data in both directions at a significant bit rate for 
the concerned services. 

Apparatus 9 performs the function to "dialogue" with said 
exchange 1 (in order to manage the MATV facility 7 in a suitable form to 
convey a plurality of interactive and not-interactive television services) 
and, at the same time, it is "open" to conveying telecommunication signals 
so that said MATV facility 7 can be effectively considered as a natural 
completion of radio based point-multipoint or PTM access systems 
presently studied, in order to easily apply such PTM systems in urban 
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areas where the users are to a large extent distributed in buildings and 
apartments. 

In particular, the subsystem of said user apparatus 9 which is 
part of the access network for telecommunications is integrated with the 
5 local functions, as above described, in order to perform the television 
signal switching function. Aiming at rendering such subsystem perfectly 
integral and transparent, the typical functions of modems are subdivided 
into the basic functions of modulation and demodulation in user apparatus 
9 and subsequently grouped, namely only modulation or only 

10 demodulation, in order to introduce the related signals from the PTM 
system into the upstream flow or to extract them all from the related 
downstream flow; in Figure 7, such circuit subunits are shown as TELCO 
modulator 65 and TELCO demodulator 64, respectively. Obviously, such 
signals to/from the related external user terminals (10, 11, 12) is realized 

1 5 within the concerned user apparatus 9. 

It will also be apparent to those skilled in the art that the 
construction of said user apparatus 9 is not unique and that it is easily 
modifiable, since it is correlated with the services which should be 
delivered to the users and conclusively with the user terminals to be 
20 interconnected. 

The preferred embodiment of this invention has been 
hereinbefore explained by way of illustration and not by way of limitation, 
and it should be understood that those skilled in the art can made 
variations and/or changes therein without departing from the scope of this 
25 invention, as defined by the following claims. 
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CLAIMS 

1.- An optimized system for distribution of television and 
telecommunication services from a peripheral node to user terminals (10, 
11, 12), said television services including land based radio frequency 
5 broadcast television channels, satellite based radio frequency broadcast 
television channels and HFC network or cable based broadcast television 
channels, each of said telecommunication services including a 
downstream data and/or voice channel and an upstream data and/or voice 
channel, said system also including a bi-directional switch exchange (1) 

10 connected to said peripheral node, a facility (7) for bi-directional 
distribution of signals connected to said exchange (1 ) and at least a user 
apparatus (9) connected to said bi-directional facility (7) as well as to said 
user terminals (10, 11, 12), said exchange (1) comprising a filter (22), a 
frequency filtering and translating unit (30), a logic control unit (54), a 

15 combiner (48) and a selector (50), said combiner (48) and selector (50) 
being connected to said bi-directional distribution facility (7), the signals 
belonging to said land based television channels being applied to the 
input of said combiner (8), said filter (22) receiving the signals belonging 
to said cable based television channels and to said downstream data 

20 and/or voice channels, said filter (22) separating the signals belonging to 
said downstream data and/or voice channels from the signals belonging to 
said cable based television channels, said filter (22) also reallocating the 
signals belonging to said downstream data and/or voice channels to pre- 
established frequencies and applying them to the input of said combiner 

25 (48), said filter (22) also applying the signals belonging to said cable 
based television channels to said frequency filtering and translating unit 
(30), the signals belonging to said satellite based television channels 
being also applied to said frequency filtering and translating unit (30), said 
selector (50) being connected to said bi-directional distribution facility (7) . 

30 in order to receive a local upstream data sequence therefrom and to apply 
it to said control logic unit (54) and to receive the signals belonging to 
said upstream data and/or voice channels therefrom and to apply them to 
said peripheral node, said control logic unit (54) generating the control 
signals to be applied to said frequency filtering and translating unit (30) 

35 and a local downstream data sequence to be applied to the input of said 
combiner (48), said frequency filtering and translating unit (30) selecting 
the input signals and frequency reallocating and/or translating them for 
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applying them to the input of said combiner (48), said combiner (48) 
mixing the input signals and applying them to said bi-directional 
distribution facility (7), said user apparatus (9) including a demodulator 
(59), a logic unit (60), a modulator (68) and a combiner (69), said logic 
5 unit (60) processing said local downstream data sequence outcoming 
from said demodulator (59), said modulator (68) modulating a local 
upstream data sequence related to said user apparatus (9), said combiner 
(69) mixing the signals belonging to said local upstream data sequence as 
well as the signals belonging to upstream data and /or voice channels 
10 related to said user apparatus (9) and applying them to said bi-directional 
distribution facility (7). 

2. - A system according to claim 1 , characterized in that said 
exchange (1) further comprises, upstream of said combiner (8), a unit (18) 
for filtering the signals belonging to said land based television channels, 

15 which eliminates all replicated signals having the worst signal-to-noise 
ratio (SNR). 

3. - A system according to claim 1 or 2, characterized in that 
said television services further comprise television channels related to 
closed circuit television systems (CCTV) that are coupled to the input of 

20 said combiner (48) or to said frequency filtering and translating unit (30). 

4. - A system according to any one of the preceding claims, 
characterized in that said frequency filtering and translating unit (30) 
comprises a converter unit (31) for conversion of HFC radio frequencies, 
a converter unit (32) for conversion of satellite based radio frequencies as 

25 well as a switch unit (47), said converter units (31, 32) having N inputs 
and N outputs, said switch unit (47) having 2*N inputs and N outputs, the 
homologous outputs of both said converter units (31, 32) being 
alternatively selected by said switch unit (47) and outputted to said 
frequency filtering and translating unit (30). 

30 5.- A system according to claim 4, characterized in that said 

HFC radio frequency converter unit (31) comprises N converter-filters, 
each of which comprises a tuner (33) having a constant amplitude pass 
band and tuneable central frequency, a mixer (34), a selectable frequency 
local oscillator (35), a band pass filter (36) having a constant amplitude 

35 pass band and a tuneable central frequency, as well as a logic unit (37), 
said tuner (33) filtering said input signal, said mixer (34), said local 
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oscillator (35) and said pass band filter (36) translating the frequency of 
the filtered signal and said logic unit (37) generating the control signals. 

6. - A system according to claim 4 or 5, characterized in that 
said satellite based radio frequency converter unit (32) comprises N 
converter-filters, each of which comprises a tuner (38) having a constant 
amplitude pass band and tuneable central frequency, a mixer (39), a 
selectable frequency local oscillator (40), a band pass filter (41) having a 
constant amplitude pass band and a tuneable central frequency, as well 
as a logic unit (42), said tuner (38) filtering said input signal, said mixer 
(39), said local oscillator (40) and said pass band filter (41) translating the 
frequency of the filtered signal and said logic unit (42) generating the 
control signals. 

7. - A system according to claim 6, characterized in that each of 
said N converter-filters comprised in said satellite based radio frequency 
converter unit (32) further comprises a transmodulator (43). 

8 - A system according to claim 4 or 5, characterized in that 
said satellite based radio frequency converter unit (32) comprises N 
converter-filters, each of which comprises a transmodulator (44) and a 
control logic unit (45), said transmodulator (44) filtering , transmodulating 
20 and frequency translating the input signal. 

9.- A system according to any one of the preceding claims, 
characterized in that said signal bi-directional distribution facility (7) is an 
apparatus for centralized distribution of land based television channels or 
a Master Antenna TV (MATV) facility. 
25 10.- A system according to any one of the preceding claims, 

characterized in that each user apparatus (9) is connected to one or more 
telephone device (10) and/or to one or more Personal Computer (PC) 
(12). 

11. - A system according to any one of the preceding claims, 
30 characterized in that each user apparatus (9) is connected to one or more 

communication apparatuses (11) or Set-Top-Box (STB), with a pay 
television service provider. 

12. - A system according to any one of the preceding claims, 
characterized in that the local upstream or local downstream data 

35 sequences are modulated by digital modulation. 
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13. - A system according to claim 12, characterized in that said 
digital modulation is a FSK and/or a PSK and/or QAM modulation. 

14. - A system according to claim 12 or 13, characterized in that 
said user apparatus (9) further comprises a digital demodulator (59) 

5 arranged upstream of said logic unit (60), a frequency multiplexer (63) 
and a TELCO demodulator (64) for telecommunication services, arranged 
upstream of said user terminals (10, 11, 12), a TELCO modulator (65) for 
telecommunication services, arranged downstream of said user terminals 
(10, 11, 12), a digital modulator (68) which receives the television 
10 channel selection data from at least one user terminal (11) as well as a 
combiner (69) arranged downstream of said TELCO modulator (65) and of 
said digital modulator (68) and upstream of said bi-directional distribution 
facility. 

15 - An optimized system for distribution of television and 
15 telecommunication services from a peripheral node to user terminals (10, 
11, 12) according to any one of the preceding claims and substantially as 
illustrated and described. 
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